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[57] ABSTRACT 

Reinforced thermoplastic polymer composite sheets, 
formable into smooth, shaped objects in a stamping 
process. The composite sheet is produced by laminating 
together (1) a first layer of thermoplastic resin contain- 
ing short glass fibers and a mineral filler such as kaolin, 
(2) a backing reinforcing layer comprising a long glass 
mat impregnated by thermoplastic resin and (3) option- 
ally a third layer similar to said first layer. The long 
glass mat is positioned within the reinforcing layer dur- 
ing impregnation, whereby the mat becomes encased in 
a resin matrix. 

9 Claims, 6 Drawing Figures 
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„ „, generally parallel to the sheet surface, (b) embossing 

FIBER REINFORCED MULTI-PLY STAMPABLE said first sheet layer in a roll stack to form an embossed 

THERMOPLASTIC SHEET surface thereon containing a plurality of projections, (c) 

— blending and extruding a second sheet layer comprising 

M .?« B ffJ , S? l ? n 15 a continuat,on of aPPMtion Ser. 5 from about 50 percent to 100 percent of synthetic ther- 

No. 129,298 filed Mar. 11, 1980, now abandoned, which moplastic polymer and from 0 percent to 50 percent 

in turn is a continuation of Ser. No. 816 630 filed July particulate filler, but being essentially free of glass fi- 

18, 1977, now abandoned. bers, (d) feeding said first sheet, said second sheet and a 

BACKGROUND OF THE INVENTION in Ion S nber S^ss mat, the fibers of which have a length of 

i fj#»m rt f tK* r m » n ri m at least 1 inch ' imo * e ni P of a set of laminating rolls 

Thk 11 fn„ "Zlc ■ r h * . • while the resin of the ^ econd sheet is still in a molten 

This invention relates to reinforced thennoplastic cond i tion , the clearance between the rolls being less 

for extruding a stampable, reinforced thermoplastic t0 the ni of ^ rol , whereb the £ fiber gla J mat 

SE£ " remf ° rCemCnU a glaSS 15 is positioned within said ^d^^J^S 

2. Descriptionof the Prior Art tIOn ,° f ^ [ mat | hereby and said and ^ondsheets 

In the apparatus and method used to form stampable lammated mt ° a Sm00th multl ' pIy P roduct 

reinforced thennoplastic composite sheets, a long glass BRIEF DESCRIPTION OF THE DRAWINGS 

fiber mat is sandwiched between a glass fiber filled layer 20 imiiM ^ m \ „ . f lt 

of thermoplastic resin and a fiber-free layer of the resin, fl ™ e T Wl,1 , 1 b t more ^ und «stood and 

and laminated into a multi-ply product while the fiber- furth f advanta e* s ™ ^come apparent when refer- 

free resin layer is in a molten condition. 7* 1S t0 . lhe folI <? win e ^tailed description and 

One of the major problems with such systems is the th e accompanying drawings in which: 

difficulty of coating substantially all of the fibers of the 25 . FIG * 1 llIustrates schematically a system for produc- 

mat during lamination. The problem is particularly ,n g^Posite sheets of this invention; 

troublesome when mats having a high concentration of , FI . G ' 2 ll . Iustrates a stamping press for the sheets of of 

glass fiber or utilizing chopped glass fiber strands are i/II^?!?? 11 ' 

employed. In order to alleviate the problem of incom- FIG ' 3 ""Mtrates a schematic cross section of a com- 
plete coating, it has often been necessary to reduce mat 30 shee f of this inven tion; 

weight and filler concentration, increase resin quantity, FIG * 4 illus trates an alternate construction of the 

utilize resin modifiers and decrease processing speeds, slieet shown in FIG. 3. 

These constraints increase the cost and reduce perfor- . FIG ; 5 ilIust rates an alternate embodiment of the 

mance characteristics of the laminated product. invention; and 

3 5 FIG. 6 illustrates still another embodiment of the 

SUMMARY OF THE INVENTION invention. 

The present invention provides a strong, light stamp- DESCRIPTION OF thf pr pffr pen 

able thermoplastic sheet and a method and means for SS^nlSi^ 

producing such sheet in an economical, reliable manner. . ouuimdini 

The sheet is essentially free of surface waviness and 40 Referring to the drawings as shown in FIGS. 1 and 6, 

long glass show-through, comprising in terms of per- a fi fSt extruder 11 receives a mixture of thermoplastic 

cent by weight of each layer (a) at least one layer com- resm su ch as nylon, short glass and particulate filler and 

prising from about 40 percent to 100 percent of a syn- extrudes same through a die 12 to produce a filled sheet 

thetic thermoplastic polymer, about 0 percent to 50 13 which is embossed by roller 70 of stack 14 so as to 

percent of a particulate filler, and 0 percent to 45 per- 45 form an embossed surface 72 thereon containing a plu- 

cent short glass fibers having a length ranging from 0.01 f ality of projections 74. A similar thermoplastic sheet 15 

to J of an inch and arranged generally parallel to the is produced from extruder 16 and embossed in similar 

plane of the sheet surface, (b) a reinforcing layer adjoin- fashion by roller 76 of stack 17. A third extruder 19 

ing said one layer comprising 50 percent to 100 percent feeds a thermoplastic sheet 20 into laminating rolls 21 

of synthetic thermoplastic polymer on an extruded ba- 50 simultaneously with sheets 13 and 15, and long glass mat 

sis, a long glass fiber mat comprised of fibers having a or mats 23 which are fed from roll or rolls 24. It is 

length of at least 1 inch and having a weight ranging important that the sheet 20 be in a molten condition at 

from 0.1 to 16 ounces per square foot of mat surface the point where the sheets converge on the rolls 21 and 

area and particulate fillers ranging from 0 percent to 50 that the sheets 13 and 15 be below the melting point of 

percent, and (c) mat positioning means disposed be- 55 the polymer so that projections 74 position the glass mat 

tween said at least one layer and said mat, for holding or mats 23 within the molten sheet 20 during impregna- 

said mat within said reinforcing layer during formation tion of the mat(s) 23 by the sheet 20. In this manner, the 

of said composite, said mat being substantially encased long glass reinforcing mat becomes substantially en- 

in a matrix of the thermoplastic polymer and said rein- cased in the sheet 20 and does not affect surface qualities 

forcing layer being essentially free of short glass fibers. 60 of sheets 13 and 15 when they are laminated together. 

In addition, the present invention a process to pro- The sheet is subsequently cut with cutter mechanism 26 

duce provides a method to produce composite lami- on conveyor 27 and fed to stacking table 28. 

nated sheet comprising the steps of (a) blending and An important feature of this embodiment of the 

extruding a first sheet layer comprising from about 40 method is the processing conditions at the roll stack 21. 

percent to 100 percent of thennoplastic polymer, about 65 The clearance between rolls 21(a) and 21(b) is less 

0 percent to 50 percent of a particulate filler and 0 per- than the combined thickness of the four components 13, 

cent to 45 percent short glass fibers having a length 15, 20 and 23. (Thickness of mat 23 is measured under 

ranging from 0.01 to J of an inch and arranged in a plane little or no compression.) This is necessary to effect an 
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impregnation of mat 23 by sheet 20, and lamination of 121(a) and 121(b) can be employed, the rolH21(6) being 

the resulting product to sheets 13 and 15. provided with a plurality of projections 174' similar to 

The temperature of the sheet 20 should be above (at projections 174 of roll 121(a), for positioning mat 123* in 
least 10* C above) the thermoplastic melting point to sheet 120. 

provide adequate residual heat to allow for cooling of 5 Mat positioning may also be accomplished by means 

sheet 20 between the extruder die and the roll stack 21 0 f a screen 80, shown in FIGS. 3 and 4, interposed 

and allow the glass mat to be uniformly impregnated between sheet 13 and mat 23 prior to lamination, the 

thereby. Preferably, the sheet is 50' C to 100* C. above strands of the screen 80 forming projections and the 

the polymer melting point at : the point of convergence openings thereof forming passageways that function in 

between rolls MM and 21(b). Heating the sheet to a 10 substantially the same way as the projections and pas- 

temperature higher than 350 C. in the extruder may sageways of sheets 13, IS or roil 21(a). The screen 80 

cause degradation of the polymer and results in exces-. impregnation of mat 23 by melt 20 and pro- 

sive energy consumption. Lower temperatures result in vides a further re i„f 0 rcing means for the composite 

inadequate impregnation of the mat 23 by sheet 20, shee t. Typically, the screen 80 has a mesh size ranging 

including , nadequate flow of the polymer mto the inter- 15 from about 1 in> t0 Na 8 u s Sieve and {$ * 0 £ 

stices of the glass mat inadequate bonding of sheets 13 d of meta , lastiCj fibrous ^ 

and 15 to sheet 20, and inadequate bmdmg of the fibers cotton P nylon( polyester , cellu , ose acel * e Q 

Se^nffi"^^ m P °° r ' " Pr ° P m ^ AS USed herein ' ' he term SCreen in imended t0 

For the same reasons, the pressure applied by rolls 20 [ f l ? dt meh . T ZF^** mesms A *l * P erfo ^ d 

21(a) and 21(b) shouldrange from 100 to 1500 pounds metd , sheet ' ™ a " d ihe ^ u f , 

per linear inch, and preferably from 150 to 400 £unds i5 Wheth ?5 the afe l0C u ated °" the * heets 13 ' 

per linear inch, to ensure adequate bonding of the layers 1S ° r 0n rol [ 21{a) * their u number and configuration 

and impregnation of the glass mat 23 by sheet 20. Rolls Wl1 * ary . de P^ dm 8 on such processing parameters as 

21(a) and 21(b) must have adequate diameter and wall 25 mat denslty ' filler concentration laminating time and 

thickness and bearings of sufficient load bearing capac- t€ ™Perature and the like. Typically, the projections are , 

ity to prevent excessive deflection of rolls 21(a) and ^e-shaped members having a height of about 0,01 to 

21(b). Excessive deflection of rolls 21(a) and 21(b), that 01 m . c J Md a base P« nmeter of ab out 0.2 to 0.8 inch, 

is deflection of the order of about 3 thousandths inch or ™ d e,ther randoml y <* regularly spaced about 0.06 to 1 

more, can result in non-uniform impregnation of glass 30 mch "P"* over substant » a "y the entire area of the mat 

mat 23 by sheet 20, non-uniform bonding of sheets 13 contacting surface of the sheet or laminating roll em- 

and 15 to sheet 20, non-uniform surface appearance, and P^yed. The projections can, alternatively, be shaped in 

non-uniform thickness of sheet 25. the form of a pyramid, cylinder, cube, or the like of 

Sheet 13 after leaving embossing stack 14 contacts regular or irregular configuration arranged to form a 

roll 21(<0 and then roll 21(a). Sheet 15, after leaving 35 regular pattern or an irregular pattern such as a doodle 

embossing stack 17 contacts roll 21(c) and then roll or the like. 

21(b). Rolls 21(c) and 21(d) are maintained at a tempera- Following impregnation of glass mat 123 by sheet 120 
ture close to but below the polymer melting point, pref- in a separate operation, the combined sheet 125 can be 
erably 5* to 40° C. below the polymer melting point. laminated to sheet 13, or to sheets 13 and 15 in a laminat- 
Rolls 21(a) and 21(6) are maintained at a temperature 40 ing. process wherein the layers are bonded under heat 
10* to 70 B C. below the polymer melting point. The and pressure. Lamination of the combined sheet 125 to 
temperatures of rolls 21(a), 21(a), 21(c) and 21(d) and sheet 13 or t0 sheets 13 and 15 may also be effected 
infrared heaters 30(a), 30(a) are adjusted so that the during the heating and stamping operation wherein 
temperature of sheets 13 and 15 is high enough to different laminates are assembled depending on the part 
achieve strong bonding of sheets 13 and 15 to sheet 20, 45 to De produced. An example of the latter method is 
but not so high as to result in sticking of sheet 13 to roll shown in FIG. 2. A sandwich 25 built from layers 13, 15 
21(d) or 21(c) or of sheet 15 to roll 21(a) or 21(a), soften- and combined sheet 125 is heated in oven 34. This heat- 
ing of projections 74 or degradation of the surface qual- m B ste P serves to condition the sheets for stamping in 
ity of sheet 25. press 36 and also to effect a slight bond between the 

Cooling rolls, such as rolls 29(a) and 29(a), can be 50 layer interfaces. The subsequent pressure in press 36 has 
used to quickly lower the temperature of laminate 25 tne effect of simultaneously laminating the mat contain- 
sufficiently for easy cutting on cutter mechanism 26. ing sheet 125 to sheets 13, 15 and forming the resulting 

An alternate embodiment, illustrated in FIG. 5, composite into a part, 
would have the glass mat 123 impregnated by sheet 120 A composite sheet typically produced is illustrated in 
in a separate operation. Under these circumstances the 55 FIG. 3. It comprises: (a) one or more surface layers 
roll 121(a) is provided with a plurality of projections containing 40% to 100% polymer, 0% to 45% of well- 
174 for positioning the mat 123 within sheet 120 during dispersed, randomly oriented, short glass fibers and 0% 
impregnation of the mat 123 by the sheet 120. The ends to 50% particulate filler, (b) a reinforcing layer consist- 
ed the projections force the mat 123 into the sheet 120, ing essentially of long glass reinforcing mat weighing 
causing molten portions of the sheet 120 from extruder 60 0.1 to 16 ounces per square foot, together with the mat 
119 to flow within passageways formed by adjacent positioning means herein shown in the form of a screen 
projections to encompass the mat 123. The projections 80, encased in a thermoplastic polymer matrix contain- 
thus position the mat centrally of the sheet 120 and hold ing, on an extruded basis, from SO to 100 percent ther- 
it therewithin, facilitating coating of the mat 123 by the moplastic resin and from 0 to 50 percent particulate 
sheet during impregnation. The impregnated mat 125 65 filler, such that there is essentially no migration of the 
thus produced can be used in a stamping operation or long glass fibers to the surface layer 13 and no migration 
laminated to sheet(s) 13, 15 as described hereinafter in of the short glass fibers, if present, to the reinforcing 
more detail. Further, a plurality of embossing rolls layer. 
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The stampable composite sheet may have one or two 
defectfree surfaces. The short, well-dispersed fibers 38, 
if present, are randomly but predominantly two-dimen- 
sionally oriented in the plane of the sheets 13 and 15. 
That is, more than 50% of the fibers are aligned substan- 5 
tially parallel to the plane of the sheet. Such orientation 
of the short fiber is easily achieved in extrusion, rolling, 
drawing or similar orientation-inducing processes, and 
is preferable for purposes of this invention in achieving 
smooth surfaced sheets. 10 

The thickness of the surface sheet should be at least 
10 mils greater than the height of the projections 74, if 
present thereon, to prevent tearing during lamination. 
Typically, the surface sheet 13 has a thickness of at least 
20 mils. A thinner surface sheet may also permit the 15 
pattern of the reinforcing mat 23 to be visible on the 
surface of the composite sheet 25. The minimum thick- 
ness of sheet 20 is determined by the need to impregnate 
glass fiber mat 23 and is typically about 30-80 mils, If 
thickness of sheet 20 is less than about 30 mils, then glass 20 
fiber mat 23 is likely to be non-uniformly impregnated 
into sheet 20 and composite sheet 25 is likely to have 
non-uniform properties. 

The thermoplastic polymers which can be used in 
forming the sheet compositions which may be stamped 
into shaped objects in accordance with the methods of 
the present invention include the various thermoplastic 
materials normally used in injection molding, extrusion, 
vacuum forming, blow molding, fiber spinning, or simi- ^ 
lar thermoplastic processing techniques. 

Suitable thermoplastic resinous materials which may 
be utilized in making the composite laminate of the 
invention include, for example, the alkenyl aromatic 
resins typified by polystyrene, styrene copolymers, 35 
blends and graft copolymers of styrene and rubber and 
the like. The invention may be practiced utilizing poly- 
vinyl chloride or copolymers of vinyl chloride or vinyl- 
idene chloride. 

Particularly desirable thermoplastics in such compo- 40 
sitions are the polyarnides, that is, polymers having 
regularly recurring amide groups as an integral part of 
the main chain. Polyarnides such as nylon 6,6 (a conden- 
sation product of hexamethylene diamine and adipic 
acid) and nylon 6 (the polymerization product of c- 43 
aminocaproic acid or e-caprolactam) are examples of 
two polyarnides or nylons. 

Polyolefins may also be employed, including poly- 
mers and copolymers of ethylene, propylene, methyl- 
pentene and blends thereof. 50 

Additional polymers which can be utilized include 
polyurethane, polysulfone, polycarbonate and linear 
polyesters such as polyethylene terephthalate and poly- 
butylene terephthalate; cellulose esters such as cellulose 
acetate, and cellulose propionate; halogenated polyle- 55 
fins and poiyacetals. 

y Also included in the term "polymer" are blends or 
^copolymers of two or more polymeric materials. Illus- 
trative of such polymers are polyethylene/polypropy- 
lene, ethylene-acrylic acid-vinylacetate terpolymers 60 
and the like. 

The glass fiber used in making the fiber mat is prefera- 
bly used in the form of strands or bundles which are at 
least about 1 inch to continuous in length. The reinforc- 
ing mat may be woven or nonwoven. The strands or 65 
fiber comprising the reinforcing mat, if nonwoven, are 
held together either by resinous adhesive binders (ther- 
mosetting or thermoplastic resins) or by "needling" or, 



0 

if woven, by the mechanical interaction of the randomly 
patterned weblike structure. 

The individual glass strands in the mat are comprised 
of about 2 to 400, preferably 5 to 120, filaments per 
strand. Each filament is about 0.00030 to about 0.001 
inch/ preferably 0.00035 to 0.00085 inch* in diameter. 
The glass mat comprising the reinforcing phase may 
have a weight of from 0.3 to 16 ounces per square foot. 

The short glass fiber reinforcement is at least about 
0.01 inch in average length in the final product. These 
short lengths of fibrous reinforcement are obtained 
because of the characteristics of the processing appara- 
tus used to compound or blend this reinforcement with 
the thermoplastic resin. For example, if fibers i-inch or 
longer are placed in the feed hopper of a single screw 
extruder along with the resin, the fibers will ordinarily 
be broken down into lengths shorter, than the original J 
inch starting length because of abrasion, shear, turbu- 
lence, and mechanical work performed upon the fibers. 
Longer lengths (e.g., mean lengths longer "than 0.010 
inch in a major portion of the short fiber reinforcement) 
may be retained by minimizing the amount of shear or 
mechanical breakdown of fiber length, with some sacri- 
fice in homogeneity or prolonged processing times al- 
though lengths greater than i inch are not desirable for 
the object of this invention since they must flow into 
ribs, etc. during stamping. Another processing machine 
which may be used to blend and/or manufacture the 
short fiber-filled resinous sheet is a twin screw extruder. 
In this case, the filamentary reinforcing material may be 
added to agitated heat plastified polymer between the 
screws of the extruder through a feed port such as a 
volatile (vent) port. In the latter case, the filamentary 
reinforcing material may be fed to the twin screw ex- 
truder in the form of yarn or roving, and the short fiber 
lengths would be obtained by the mechanical breakup 
performed by the mixing action of the screws. 

Glass fibers as normally used for reinforcement of 
thermoplastics may be treated or coated with a sizing 
composition. Standard sizing agents usually consist of 
several components, each of which possesses a distinct 
function. For example, a binder or film former gives the 
glass fiber strand integrity for workability and prevents 
fuzzing and aids in distribution of the sizing agent; a 
lubricant prevents destruction of the strand by abrasion 
of the individual filaments against each other and 
against fiber handling equipment; a coupling agent as- 
sists in obtaining greater adhesion between the glass 
fibers and the polymeric resin yielding improved 
strength characteristics; an emulsifying of dispersing 
agent allows sufficient dissolution of the various ingre- 
dients in the required carrying agent (frequently water) 
and improves compatibility between the various ingre- 
dients. In addition, pH adjusters, antistatic agents, wet- ' 
ting agents and surfactants are also often added to sizing 
formulations. Ordinarily, organosilicon compounds 
may suitably be employed as coupling agents. For ex- 
ample, halogenated or non-halogenated vinyl and alkyl 
containing, alkylalkoxy, alkenyl, aminoalkyl, aminoalk- 
oxy, acyloxy, alkenyl acyloxy and similar silanes, their 
hydrolysis products and polymers of the hydrolysis 
products are suitable for such use. Formulations of this 
kind and methods of use are known to those skilled in 
the art. 

Another constituent of the improved thermoplastic : 
sheet material herein described is particulate filler. Such 
fillers may be selected from a wide variety of minerals, 
metals, metal oxides, siliceous materials, metal salts, and 
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mixtures thereof. These fillers may optionally be treated similar sections, because of flow of short fibers into such 

with various coupling agents or adhesion prompters, as sections, the high melt viscosity of the resih-filler-short 

is known to those skilled in the art. Advantageous phys- fiber mixture aids in promoting uniformity of proper- 

ical properties are achieved if the filler material has a ties. Furthermore, because of the generally enhanced 

Young's modulus of 10 7 psi or greater and at least a 5 moldability of the present compositions, longer, thinner 

Young's modulus twice as great as that of the polymer. and more complex configurations . or parts can be 

Examples of fillers included in thses categories are alu- molded than heretofore known, 

mina, aluminum hydrates, feldspar, asbestos, talc, cal- The short fibers oriented parallel to the plane of the 

cium carbonates, clay, carbon black, quartz, novaculite . sheet (in distinction to perpendicular to the plane of the 

and other forms of silica, kaolinite, bentonite, garnet, 10 sheet) result in a smooth surface free of glass mat and 

mica, saponite, beidellite, calcium oxide, calcium hy- projecting fiber ends. 

droxide, etc. The foregoing recited fillers are illustra- The present invention is more particularly described 

tive only and are not meant to limit the scope of fillers in the following examples which are intended as illustra- 

that can be utilized in this invention, tive only since numerous modifications and variations 

The particulate filler may be added to the thermo- 15 therein will be apparent to those skilled in the art. 
plastic resin before, during, or after the addition of the Shaping of the sheet can be accomplished in a deep 
short glass fibers to the resin. Thus, for example, filler drawing press which has a polished steel die-set to pro- 
and resin pellets may be fed to the feed hopper of a duce 5-inch diameter cylindrical cups. The temperature 
single screw extruder; the mixture is blended and con- of the polished steel die-set can be adjusted by means of 
veyed towards the die. Short glass fibers can be added 20 electric, heaters, and maintained at approximately 140° 
to the molten mixture at a vent hole or other such open- C. The steel molds used are highly polished and 
ing downstream of the feed hopper, and the mixture chrome-plated (mirror finished), 
then extruded into pellets, or preferably, directly into The preheated sheet can be transferred to the stamp- 
sheet of the appropriate thickness for lamination with ihg press, and stamped at a pressure of 800 psi main- 
the glass mat reinforcement. In the extrusion process, 25 tained for 10 seconds, The stamped part can be cooled 
the short fibers will emerge oriented randomly in the to room temperature, maintained at room temperature 
plane of the extruded sheet. for 24 hours, and the flat bottom of the cup then cut out 

Other minor additives which may be of value in sheet for surface roughness testing, 

formulations include antistatic agents, plasticizers, lu- The following examples are presented to provide a 

bricants, nucleating agents, impact modifiers, colorants, 30 more complete understanding of the invention. The 

heat and light stabilizers, or other similar processing specific techniques, conditions, materials, proportions 

aids and adjuvants. and reported data set forth to illustrate the principles 

Each of the foregoing constituents performs a spe- and practice of the invention are exemplary and should 

cific function within the composite material. The ther- not be construed as limiting the scope of the invention, 
raoplastic resin is, of course, the matrix which binds the 35 

other constituents together. As the matrix, the resin EXAMPLE 

influences the mechanical and physical properties of the Nylon 6 resin is blended with 25% short glass fibers 

composite sheet. If a stamped product having an ex- and 15% kaolin in extruder H and extruded into sheet 

treraely high thermal resistance is required, for exam- 13. A sheet 15 of similar composition is extruded by 

pie, a nylon or linear polyester would be utilized as the 40 extruder U. Sheets 13, 15 are embossed by rolls 70, 76 

matrix rather than polyethylene or polypropylene. If an to provide each of the sheets with a mat contacting 

extremely high impact resistance was required, for ex- surface having a plurality of projections 74. Both sheets 

ample, an impact resistant styrene copolymer or poly- 13, 15 are brought together with glass mats 23 and mol- 

carbonate may be used rather than polystyrene or a ten sheet 20 at the nip of laminating rolls 21(a), 21(b). 

more brittle linear polyester. 45 The mats 23 are positioned within sheet 20 by projec- 

With sheets formed of nylon 6 resin, it is preferred to tions 74 to form a middle reinforcing sheet comprising 

utilize talc as a nucleating agent for the nylon. For this 75% nylon and 25% glass mat. The resulting sandwich 

purpose about 0.5 to 1.5% or more talc by weight of the is laminated and finished in the nip of rolls 21(a), 21(b) 

nylon is incorporated into the sheet. Preferably, the and on rolls 29(a), 29(b). The resulting sheet is cut into 

sheet contains about 1% talc based on the weight of the 50 discrete blanks and stored, 

nylon. Other nucleating agents may alternatively be Having thus described the invention in rather full 

employed in similar amounts with nylon or other crys- detail, it will be apparent that these details need not be 

talline polymers, fully adhered to but that various changes and modifica- 

While composites without filler may be formed, the tions may suggest themselves to one skilled in the art, all 

most desirable sheets include filler. 55 falling within the scope of the invention as defined by 

The functions of the particulate filler are: (1) to in- the subjoined claims, 

crease the modulus and stiffness of the composite sheet We claim: 

and (2) to provide a more economical composition. 1. A composite laminated sheet which consists essen- 

The functions of the short fiber reinforcement are: (1) tially of 
to increase the sheet stifTness and mechanical strength, 60 at least one layer further comprising 50 to 100 percent 
(2) to increase the resin-phase melt viscosity, (3) to of a synthetic thermoplastic polymer, 0 to 5 percent 
provide reinforcement in addition to that provided by of a particulate filler, and 0 to 45 percent short glass 
the long glass fiber mat, (4) to allow flow of a reinforced fibers, the one layer having a plurality of preneo- 
plastic mixture into small holes, bosses, ribs, apertures, tions on an embossed surface the thickness of the 
etc., during stamping and (5) to yield an improved sur- 65 one layer being at least 10 mils greater than the 
face in which most short dispersed fibers are oriented height of the projections; 

and lie in the plane of the sheet In addition to the ability a reinforcing layer further comprising 50 to 100 per- 

to form relatively narrow reinforced ribs, bosses, or cent of a synthetic thermoplastic polymer on an 
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extruded basis, a long glass fiber mat, and 0 to 50 
percent particulate filler on an extruded basis, the 
reinforcing layer adjoining the embossed surface of 
the one layer, whereby the long glass fiber mat is 
positioned by the projections of the one layer and 5 
becomes substantially encased in the synthetic ther- 
moplastic polymer of the reinforcing layer, the sole 
means to position the long glass fiber mat being the 
embossed projections of the one layer. 

2. A composite laminated sheet which consists essen- 10 
tially of 

one layer further comprising 50 to 100 percent of a 
synthetic thermoplastic polymer, 0 to 50 percent of 
a particulate filler, and 0 to 45 percent short glass 
fibers* the one layer having a plurality of projec- 15 
tions on an embossed surface; 

a similar layer further comprising 50 to 100 percent of 
a synthetic thermoplastic polymer, 0 to 50 percent 
of a particulate filler, and 0 to 45 percent short glass 
fibers, the similar layer having a plurality of projec- ^ 
tions on an embossed surface; 

a reinforcing layer further comprising 50 to 100 per- 
cent of a synthetic thermoplastic polymer on an 
extruded basis, a long glass fiber mat, and 0 to 50 2$ 
percent particulate filler on an extruded basis, the 
reinforcing layer being located between the one 
layer and the similar layer with opposite surfaces of 
the reinforcing layer adjoining the embossed sur- 
face of the one layer and the embossed surface of 30 
the similar layer, whereby the long glass fiber mat 
is positioned between the projections of the one 
layer and similar layer and becomes substantially 
encased in the synthetic thermoplastic polymer of 
the reinforcing layer the sole means to position the 35 
long glass fiber mat being the embossed projections 
of the one layer and the similar layer. 

3. The composite laminated sheet as recited in claim 
2 wherein: 

the one layer further comprises short glass fibers 40 
having a length ranging from about 0.01 to 0.75 
inches with the fibers being generally parallel to 
the plane of the sheet surface; 

the similar layer further comprises short glass fibers 
having a length ranging from about 0.01 to 0.75 45 
inches with the fibers being generally parallel to 
the plane of the sheet surface; and 

the long glass fibers in the glass fiber mat having a 
length of at least one inch, and the glass fiber mat 



w 

having a weight ranging from 0.1 to 16 ounces per 
square foot. 

4. The composite laminated sheet as recited in claim 
2 wherein the plurality of projections on the embossed 
surface of the one layer and the similar layer have a 
height of about 0.01 to 0.1 inches. . 

5. The composite laminated sheet as recited in claim 
2 where the reinforcing layer further comprises more 
than one long glass fiber mat. 

6. A composite laminated sheet which consists essen- 
tially of 

at least one layer further comprising 50 to 100 percent 
of a synthetic thermoplastic polymer; 0 to 50 per- 
cent of a particulate filler, and 0 to 45 percent short 
glass fibers the one layer having a plurality of pro- 
jections on an embossed surface; and 

a reinforcing layer further comprising 50 to 100 per- 
cent of a synthetic thermoplastic polymer on an 
extruded basis, a long glass fiber mat, and 0 to 50 
percent particulate filler on an extruded basis, with 
the reinforcing layer adjoining the at least one 
layer and the embossed surface of the one layer 
located between the long glass fiber mat and one 
layer whereby the long glass fiber mat is positioned 
between the projections of the one layer and be- 
comes substantially encased in the synthetic ther- 
moplastic polymer of the reinforcing layer the sole 
means to position the long glass fiber mat being the 
embossed projections of the one layer. 

7. The composite laminated sheet as recited in claim 
6 wherein; 

the at least one layer further comprises short glass 
fibers having a length ranging from 0,01 to 0.75 
inches with the fibers being generally parallel to 
the plane of the sheet surface; 

and the long glass fibers in the glass fiber mat having 
a length of at least one inch, and the glass fiber mat 
having a weight ranging from 0. 1 to 16 ounces per 
square foot. 

8. The composite laminated sheet as recited in claim 
6 wherein there are two one layers with opposite sur- 
faces of the reinforcing layer adjoining the embossed 
surfaces of each one layer wherein the plurality of pro- 
jections on the embossed surfaces of the two one layers 
have a height of about 0.01 to 0.1 inches. 

9. The composite sheet as recited in claim 8 wherein 
the reinforcing layer further comprises more than one 
long glass fiber mat. 
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CERTIFICATE OF CORRECTION 

PATENT NO. : 4,612,238 
DATED : Sept. 16, 1986 
INVENTOR(S) : M.P. DellaVecchia et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Col. 1, line 7: "Ser. No. 816630" should read — 816,630 — . 

line 37: Insert comma between "light" and "stamp-" 

lines 61-62: "In addition, the present invention a 
process to produce provides a method to 
produce" should read — In addition, the 
present invention provides a process to 
produce — . 

Col. 7, line 7: "thses" should read - these — . 

Col. 8, line 62: "0 to 5 percent" should read — 

0 to 50 percent — . 



Signed and Sealed this 
Twenty-ninth Day of December, 1987 



Attest: 

DONALD J. QUIGG 
Attesting Officer Commissioner of Patents and Tmdemarks 
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